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Despite regular exercise beneﬁts, acute exhaustive exercise elicits oxidative damage in liver. The present study determined the
hepatoprotectivepropertiesofginsenoside-Rg1againstexhaustiveexercise-inducedoxidativestressinrats.Fortyratswereassigned
into vehicle and ginsenoside-Rg1 groups (0.1mg/kg bodyweight). After 10-week treatment, ten rats from each group performed
exhaustive swimming. Estimated oxidative damage markers, including thiobarbituric acid reactive substance (TBARS) (67%)
and protein carbonyls (56%), were signiﬁcantly (P<0.01) elevated after exhaustive exercise but alleviated in ginsenoside-
Rg1 pretreated rats. Furthermore, exhaustive exercise drastically decreased glutathione (GSH) content (∼79%) with concurrent
decreased superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-Px) activities. However, these changes
were attenuated in Rg1 group. Additionally, increased xanthine oxidase (XO) activity and nitric oxide (NO) levels after exercise
were also inhibited by Rg1 pretreatment. For the ﬁrst time, our ﬁndings provide strong evidence that ginsenoside-Rg1 can protect
the liver against exhaustive exercise-induced oxidative damage.
1.Introduction
It is well documented that regular exercise has many health
beneﬁcial eﬀects including improvement of antioxidant sta-
tus in liver [1, 2]. However, acute bout of exhaustive exercise
canproducealargequantityofreactiveoxygenspecies(ROS)
due to increased oxygen consumption [3]. In addition to the
mitochondrial respiratory chain, activated xanthine oxidase
(XO) is an another source for free radicals/ROS generation
[4].ROSarescavengedbyasophisticatedantioxidantdefense
system, which includes enzymes, superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GSH-
Px), and nonenzyme glutathione (GSH) [5]. However, when
ROS exceeds the normal physiological coping range during
exhaustive exercise, accumulation of ROS and decrease in
antioxidant status could be resulted. This scenario increased
oxidativestressandleadstomodiﬁcationoflipidandprotein
structures that consequently compromises the cellular func-
tions in liver [3, 4, 6, 7].
From the ancient times, one of the popular herb, Panax
ginseng and its derivatives has been used as a hepatopro-
tective remedy in Chinese herbal medicine [8]. However,
eﬀect of Panax ginseng extracts against free radicals attack
has previously reported mixed results [9, 10]. The major
biologically active compounds in ginseng are ginsenosides.
The ginsenosides are responsible for the pharmacological
actions of Panax ginseng, which contains a diverse group
of steroidal saponins composed of Rb, Rc, Re, Rg, and Rh
compounds [8, 11]. Pharmacological actions of these gin-
senosides are diﬀerent, and some of them even showed the
opposing eﬀect [9, 10]. Furthermore, ginsenoside proﬁle
from the same species could also change due to season,2 Evidence-Based Complementary and Alternative Medicine
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Figure 1: Chemical structure of ginsenoside-Rg1.
geographicallocation, andsoil[8,12–14].Thus,inconsistent
ginsenoside proﬁle due to these confounding factors can
yield contradictory results when the crude ginseng extract
was used as a medicine. To circumvent this ambiguity, use
of pure ginsenoside would be the best method to determine
the biological action of Panax ginseng. Among various gin-
senosides, Rg1 (Figure 1) is one of the most active and abun-
dant steroid saponin that shares structural similarity with
many steroid hormones [12, 15]. Rg1 has been found as
an antioxidant substance [16] and attenuated the oxidative
damage in liver of thioacetamide treated rats [17].
In this context, it is currently unknown whether ginseno-
side-Rg1 compound is able to regulate the free-radical scav-
enging system and protect the liver against exercise-induced
oxidative damage. Therefore, this study was designed to in-
vestigate the protective eﬀects of ginsenoside-Rg1 against
exhaustiveexercise-induceddisturbedantioxidant statusand
oxidative stress in the liver of rats.
2.MaterialsandMethods
2.1. Plant Extract and Chemicals. All the chemicals used
in this study were obtained from Sigma Chemicals, USA.
Ginsenodie-Rg1(molecularweight801.01,Figure 1)wasob-
tained from the NuLiv Science USA, Inc, Walnut, Calif, USA.
2.2. Exercise Protocol. In our study, 4-month aged rats were
subjected to exhaustive swimming exercise in a water pool.
The water temperature was maintained between 33◦Ca n d
34◦C, and keen observation was taken to perform the ex-
haustive exercise. During exercise, each rat was loaded with
3% additional weight according to its body weight in order
to get the exhaustive performance. No signiﬁcant diﬀerence
in swimming hours was noticed between groups. Prior to
exercise performance, rats were allowed to swim for 10–15
min for 3 days to familiarize the swimming environment.
2.3. Animal Care and Maintenance. Healthy male Sprague
Dawley (SD) rats (n = 40) weighing 410 ± 10g were main-
tainedunderatemperature-controlledroom(22±2◦C)with
55% humidity and photoperiod of 12-h light and 12-h dark
cycle. All the rats were housed in the clean polypropylene
cages under hygienic conditions and allowed free access
to standard laboratory chow (PMI Nutrition International,
Brentwood, Mo, USA) and water ad libitum. This study was
approved by the Animal Care and Use Committee of Taipei
PhysicalEducationCollege,andconformedtotheGuidelines
for the “Use of Research Animals” published by the Council
of Agriculture, Executive Yuan, Taiwan.
2.4. Experimental Design and Treatment. Weight matched
ratswereassignedintotwogroups,twentyineachgroup,and
treated as follows.
Vehicle. In this group, all rats (n = 20) received 0.9%
saline via orogastic tube for 10-week in order to equivalent
handling with treated animals.
Ginsenoside-Rg1. This group of rats (n = 20) were treated
with the puriﬁed ginseng extract, ginsenoside-Rg1 at the
dose of 0.1mg/kg body weight per day via orogastric tube for
a period of 10 weeks. Prior to administration, ginsenoside-
Rg1 compound was dissolved in saline (0.9%) and prepared
the dose equivalent to 0.1mg/kg body weight.
After completion of the last day of treatment, ten
rats from each group performed the exhaustive swimming
exercise as described in the “exercise protocol”. In this study,
we considered resting rats as nonexercise and exhaustive
e x e r c i s e dr a t sa se x e r c i s e d / p o s t e x e r c i s er a t si nb o t hg r o u p s .
Immediately after exhaustive performance, all the rats were
anaesthetized with chloral hydrate (400mg/kg body weight,
intraperitoneal), and liver tissue was quickly excised. The
collected tissues were washed thoroughly with saline to
remove the excessive blood from liver then, immediately
frozenintoliquidnitrogenandstoredat −80◦Cuntilfurther
biochemical evaluations.
2.5. Biochemical Evaluations
2.5.1. Determination of Lipid Peroxidation and Protein Oxida-
tion. Tissue lipid peroxidation was monitored by screening
the thiobarbituric acid reactive substances (TBARS) as des-
cribed in the Cayman’s TBARS assay kit. Under high tem-
perature (90◦C–100◦C), malondialdehyde (MDA) combined
with thiobarbituric acid (TBA) and formed MDA-TBA ad-
ducts that were measured at 540nm in a spectrophotometer.
Protein oxidation in the liver sample was determined by
measuring the protein carbonyl residues by using the DNPH
(2,4-dinitrophenylhydrazine). According to the Cayman’s
protein carbonyl assay kit protocol, the amount of protein-
hydrozone product was quantiﬁed spectrophotometrically at
wavelength of 360nm (Tecan Genios, A-5082, Austria).
2.5.2. Estimation of Antioxidant Enzyme Activities. Superox-
ide dismutase (SOD) activity in the liver samples was esti-
mated by using the xanthine oxidase, and the absorbance
was read at 450nm using ELISA plate reader. One unit of
SOD is deﬁned as the amount of enzyme needed to exhibit
50% dismutation of the superoxide radical. Hepatic catalase
(CAT) activity was determined by adding the hydrogenEvidence-Based Complementary and Alternative Medicine 3
peroxide (H2O2) to the samples and the absorbance was read
at 540nm using 96-well plate reader (Tecan Genios, A-5082,
Austria).
Both glutathione peroxidase (GSH-Px) and glutathione
reductase (GR) enzyme activities were measured in accor-
dance with the protocol supplied by the manufacturer. The
decreased in the absorbance of the oxidation of NADPH was
measured at 340nm once every minute to obtain at least
5 time points using a plate reader (Tecan Genios, A-5082,
Austria). Enzyme activities were calculated per mg protein,
and protein concentrations in the liver homogenates were
estimated by BioRad protein assay reagent (Richmond, Calif,
USA)asdescribedinthemanufacturerinstructions.Allthese
antioxidant enzymes were assayed by the kits of Cayman
Chemical Company, USA.
2.5.3. Estimation of Reduced Glutathione Levels. The accu-
rate reduced glutathione (GSH) concentration in the liver
sample was estimated by using the DTNB (5,5 -dithiobis-2-
nitrobenzoic acid) according the protocol provided by the
commercial kit’s (Cayman). The absorbance of the sample
was read at 405nm using the 96-well plate at 5min interval
for 30min in a spectrophotometer.
2.5.4. Xanthine Oxidase Activity Assay. Liver xanthine oxi-
dase (XO) activity was assayed based on the multistep
enzymatic reaction with the corresponding substrate using
commercial kit (Cayman). The ﬂuorescence of the sample
was detected at an excitation wavelength of 535nm and an
emission wavelength of 590nm in a ﬂuorescence spectro-
photometer (Tecan Genios, A-5082, Austria). The enzyme
activity was calculated per mg protein.
2.5.5. Measurement of Nitric Oxide (Nitrate/Nitrite) Concen-
tration. Accurate nitric oxide (NO) concentrations through
its stable metabolites (nitrate and nitrite) were determined
spectrophotometrically by using the commercial kits (Cay-
man). In this process, ﬁrst nitrate was converted in to nitrite-
by-nitratereductase.Inthesecondstep,nitritewasconverted
todeep-purpleazoproductbyaddingtheGriessreagent,and
the absorbance was read at 540nm using ELISA plate reader
(Tecan Genios, A-5082, Austria).
2.6. Statistical Analysis. T h ed a t ao b t a i n e df r o mt h i ss t u d y
was analyzed by using the SPSS software, and results were
expressed as mean ± SE for ten replicates. One-way analy-sis
of variance (ANOVA) was carried out to compare the sig-
niﬁcance followed by Tukey’s multiple comparisons test, and
P value less than 0.05 was considered statistically signiﬁcant.
3. Results
3.1. Role of Ginsenoside-Rg1 against Lipid Peroxidation and
Protein Oxidation. Lipid peroxidation widely considered as
an oxidative stress marker, caused by excessive amount of
free radicals attacking on membrane components of the
cell. In this study, lipid peroxidation marker estimated
as TBARS levels were signiﬁcantly (P < 0.001) elevated
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Figure 2: Eﬀect of ginsenoside-Rg1 pretreatment on TBARS levels
after exhaustive exercise in liver of rats. Values are signiﬁcant
compared to vehicle nonexercise (∗P < 0.001) and vehicle exercise
groups (†P < 0.05).
(67%) in vehicle groupafterexhaustive exercise performance
(Figure 2). An important ﬁnding of the present study is that
exercise-induced elevated TBARS levels were signiﬁcantly
controlled in ginsenoside-Rg1 pretreated rats. Nevertheless,
no signiﬁcant diﬀerence in TABARS levels were observed
between vehicle and ginsenoside-Rg1 pretreated groups at
resting condition.
P r o t e i no x i d a t i o ne s t i m a t e di nt e r m so fp r o t e i nc a r b o n y l
residues were signiﬁcantly (P < 0.001) elevated after exhaus-
tive exercise in vehicle group (Figure 3). It is noteworthy that
exhaustive exercise-induced elevation in protein carbonyl
level (56%) was not found in ginsenoside-Rg1 pretreated
rats.Furthermore,thevaluesinRg1treatedratsafterexercise
was signiﬁcantly (P < 0.01) lower than exercised rats in
vehicle group.
3.2. Eﬀect of Ginsenoside-Rg1 on Antioxidant Enzyme Activ-
ities. In the present study, exhaustive exercise signiﬁcantly
(P < 0.01) decreased liver SOD activity compared to non-
e x e r c i s e dr a t si nv e h i c l eg r o u p( Figure 4(a)). However, this
decrease was not observed in ginsenoside-Rg1 pretreat-ed
rats after exhaustive exercise. Furthermore, instead of de-
crease, SOD activity showed increased trend (∼23%) in gin-
senoside-Rg1 pretreated rats after exhaustive exercise.
Similar to SOD, liver CAT activity was also signiﬁcantly
(P <0.01)decreased(37%)invehiclegroupafterexhaus-tive
exercise (Figure 4(b)). Although administration of ginseno-
side-Rg1 alone had no eﬀect on CAT activity, here, we found
that exhaustive exercise-induced decrease was attenuated
by ginsenoside-Rg1 pretreatment. CAT activity was almost
reached to normal levels in ginsenoside-Rg1 pretreated
exercised rats.4 Evidence-Based Complementary and Alternative Medicine
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Figure 3: Eﬀect of ginsenoside-Rg1 pretreatment on protein car-
bonyl residues after exhaustive exercise in liver of rats. Values are
signiﬁcant compared to vehicle nonexercise (∗P < 0.001) and vehi-
cle exercise groups (†P < 0.001).
GSH-Px and GR are the two enzymes responsible for
maintainingthestableintracellularGSHlevels.Alterationsin
these enzyme activities were represented in Figures 4(c) and
4(d). Exhaustive exercise signiﬁcantly (P < 0.01) decreased
GSH-Pxactivityinvehiclegroup,whilenosigniﬁcantchange
in GR activity. Nevertheless, pretreatment of Rg1 maintains
the stable GSH-Px activity even after exhaustive exercise.
3.3. Eﬀect of Ginsenoside-Rg1 on GSH Levels. Exhaustive
exercise drastically (P < 0.001) decreased the intracellular
GSH concentrations in vehicle group. The drop in GSH con-
tent was ∼79% in exhaustive exercise rats. Interestingly, we
found no signiﬁcant decrease in ginsenoside-Rg1 pretreated
rats after exhaustive exercise performance. In addition, GSH
levels were signiﬁcantly higher in Rg1 pretreated exercised
rats compared to vehicle group exercised rats (Figure 5).
3.4. Impact of Ginsenoside-Rg1 on Xanthine Oxidase Activity
and Nitric Oxide Levels. XO activity was measured in the
liver to address whether XO plays a prominent role in
free-radical production during exhaustive exercise. Here, we
foundaprofound(P<0.001)increaseinXOactivity(∼83%)
after exhaustive exercise in vehicle group. Important ﬁnding
of the study is that elevated XO activity was abolished in
ginsenoside-Rg1-treated exercised rats. The decreased XO
was about 2-fold in ginsenoside-Rg1 pretreated rats after
exhaustive exercise compared to vehicle group exercised rats
(Figure 6).
Estimated nitric oxide (NO) levels as nitrate/nitrite con-
centrations were signiﬁcantly (P < 0.05) increased in the
liver of exercised rats (Figure 7). Increased NO levels further
conﬁrms the exhaustive exercise-induced tissue damage in
liver. Rats received ginsenoside-Rg1 substance for 10-week
showed no signiﬁcant change in NO levels after exercise,
which represents exercise-induced elevated NO levels were
inhibited by Rg1 pretreatment in liver.
4. Discussion
An acute bout of exhaustive exercise not only increases free-
radical production [3] but also impairs free-radical scaveng-
ing system [7, 18], which exacerbates liver capability to buf-
fer high amount of radicals. In this study, we found that
prolonged use of ginsenoside-Rg1 signiﬁcantly attenuated
the exhaustive exercise-induced adverse eﬀects in liver anti-
oxidant status. This was evidenced by substantially less
amount of TBARS and protein carbonyls in Rg1 pretreated
exercised rats, compared to vehicle group. The suppressed
oxidative damage is well explained by (1) restored GSH
levels, (2) attenuated antioxidant enzyme activities including
SOD, CAT, and GSH-Px, and (3) inhibited XO activity and
NO levels in Rg1 treated exercised rats. These ﬁndings pro-
vide evidence that Rg1, the major ginsenoside component
of Panax ginseng, is able to reinforce the hepatic free-radical
buﬀering system against exhaustive exercise challenge.
Exhaustive exercise-induced elevated TBARS indicates
increased membrane lipid peroxidation in liver. Davies et al.
[3]showedelevatedlipidperoxidationbyincreasedfreeradi-
calsinratliverafterexhaustiveexercise.Increasedmembrane
peroxidation ultimately aﬀect cell structure and functions
and cause tissue damage [7, 19, 20]. However, in this study,
no such increased peroxidation was noticed in ginsenoside-
Rg1 supplemented exercised rats. Previously, Geng et al. [17]
reported attenuated hepatic TBARS by Rg1 in thioacetamide
treatedrats.Vocesandcolleagues[21]demonstratedreduced
hepatic lipid peroxidation by Panax ginseng extracts in
exhaustive exercised rats. Ginseng saponins has been shown
to decrease phospholipase A2 (PLA2)a c t i v i t y[ 22], which
is responsible for lipid peroxidation [23]. On the other
hand, improved antioxidant status by Rg1 may capture the
excessive free radicals and aid to terminate the chain reaction
of lipid peroxidation, thus protect the liver cells from mem-
brane damage.
Exercise-induced oxidative damage to proteins in liver
was accompanied by elevated protein carbonyls (PC). It is
well documented that excessive superoxide anion (O2
•−)
and hydroxyl radicals (−OH) resulted from exhaustive exer-
cise react with proteins, enhance the oxidative damage [3,
18]. Another interesting ﬁnding from our study is that
elevated protein carbonyls were signiﬁcantly reversed by
ginsenoside-Rg1 pretreatment. Although ginseng extracts
showed reduced protein carbonyls against eccentric exercise
in rat muscle [24], for the ﬁrst time, we demonstrated de-
creased protein oxidation by Rg1 in liver against exhaustive
exercise. The underlying mechanism behind this protection
is still unclear. However, it is possibly due to inhibition
of excessive ROS formation and/or intracellular Ca+ levels
by Rg1, since Rg1 has been proven as a potent inhibitor
of ROS and intracellular Ca+2 levels [17, 25]. In addition,
ginseng extracts also reported as free-radical scavenger [8,
9], which reveals excessive ROS-induced protein oxidationEvidence-Based Complementary and Alternative Medicine 5
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Figure 4: Eﬀect of ginsenoside-Rg1 pretreatment on various antioxidant enzyme activities including SOD (a), CAT (b), GSH-Px (c), and
GR (d) after exhaustive exercise in liver of rats. Values are signiﬁcant compared to vehicle nonexercise group (∗P < 0.01).
might be ameliorated by preadministration of ginsenoside-
Rg1 in liver.
Hepatic superoxide dismutase (SOD) plays a key role in
removal of O2
•− to H2O2, which was signiﬁcantly decreased
after exhaustive exercise. It is well demonstrated that exhaus-
tive exercise trigger the O2
•− production either by increased
oxygen consumption or by activated XO activity [3, 4]. To
counter excessive O2
•− induced hepatic cell death [26], SOD
utilization may increase and combat against toxic O2
•− that
apparently decrease the net activity. However, ginsenoside-
Rg1 prevented this loss against exercise. As an antioxidant,
Rg1 has been shown to inhibit the activation and formation
of free radical in hepatic stellate cells (HBCs) [17]. We also
found inhibited XO, a free-radical source, after exercise in
Rg1 pretreated rats. Due to its unique antioxidant property,
we speculate that ginsenoside-Rg1 potentially scavenge O2
•−
radicals,therefore,maintainthenetSODactivityandprotect
liver cells against O2
•− during exhaustive exercise. Catalase
(CAT), responsible enzyme for decomposition of H2O2
was signiﬁcantly decreased after exhaustive exercise in liver,
thereby results in the accumulation of H2O2.C A Ta c t i v i t y
was expected to decrease to buﬀer the excessive H2O2. In line
with our ﬁndings, Sureda et al. [27] found decreased CAT in
professional cyclists participated in a mountain stage. How-
ever, ginsenoside-Rg1 pretreatment takeover the exercise im-
pact and restored CAT activity, which suggests accumulat-
ed H2O2 may eﬀectively eradicated by Rg1. Previous study
indicated that ginsenoside protopanaxatriol, contains Rg1,
may aﬀect the genomic expression of CAT against H2O2-
induced injury in endothelial cells [11]. Furthermore,6 Evidence-Based Complementary and Alternative Medicine
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Figure 5: Eﬀect of ginsenoside-Rg1 pretreatment on glutathione
(GSH) concentrations after exhaustive exercise in liver of rats.
Values are signiﬁcant compared to vehicle nonexercise (∗P < 0.001)
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Figure 6: Eﬀect of ginsenoside-Rg1 pretreatment on xanthine oxi-
dase (XO) activity after exhaustive exercise in liver of rats. Values
are signiﬁcant compared to vehicle nonexercise (∗P < 0.001) and
vehicle exercise groups (†P < 0.01).
ginsenoside-Rg1 has been showed to suppress intracellular
Ca+ levels besides increased CAT activity in cardiomyocyte
against hypoxia/reoxygenation oxidative injury [25]. In our
ﬁndings, augmented CAT activity along with SOD by Rg1
may attenuate the exercise-induced oxidative injury in liver.
Decreased GSH-Px activity after exhaustive swimming
in vehicle group made liver susceptible to oxidative stress.
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Figure 7: Eﬀect of ginsenoside-Rg1 pretreatment on nitric oxide
(NO,nitrate/nitrite)concentrationsafterexhaustiveexerciseinliver
ofrats.Valuesaresigniﬁcantcomparedtovehiclenonexercisegroup
(∗P < 0.05).
Increased ROS production and drop in GSH content in res-
p o n s et oe x h a u s t i v ee x e r c i s e[ 28], which was also reported in
thisstudy,maybeassociatedwithdecreasedGSH-Pxactivity.
Here,itisinterestingtonotethatRg1iscapabletohandlethe
ﬂuctuations in intracellular redox status by maintaining the
stable GSH-Px activity. Supporting evidences demonstrated
that ginsenoside protopanaxatriol could activate GSH-Px
activity against H2O2 exposure in endothelial cells [11]. Gin-
seng extract-G115 improved liver GSH-Px activity in rats
subjected to exhaustive treadmill exercise [21]. Additionally,
Rg1 improved GSH content along with primary antioxidant
enzymes and suppressed ROS formation [11, 17, 25]o rb o t h
are possible explanations for the restored GSH-Px activity
in liver. In contrast glutathione reductase (GR) activity was
not signiﬁcantly altered either by exhaustive exercise or by
ginsenoside-Rg1 supplementation. Previous studies also re-
ported no exhaustive exercise eﬀect on liver GR activity in
rats [7, 19]. It has been argued that diﬀerent ginsenosides
have diﬀerent eﬀe c to nG Ra c t i v i t y .N ga n dY a n g[ 10]f o u n d
no signiﬁcant change in GR activity with ginsenoside-Rg3
exposure in C6 glioma cells. While, Kwok et al. [11]o b s e rv e d
increased GR activity with Rg1 treatment in endothelial cells
against H2O2 exposure.
As expected, liver GSH levels were drastically decreased
afterexhaustive exercise, since liver cellsutilizes most of GSH
to eliminate the high amount of ROS. Acute exercise-in-
duced decreased cystine, a rate-limiting precursor for GSH
synthesis may be responsible for the depleted GSH levels
[6]. Decreased GSH concentrations in liver is an index of
mild-to-severe oxidative stress [6, 18, 21, 28], which was
also evidenced by increased TBARS and protein carbonyls
in this study. The most important ﬁnding from our study isEvidence-Based Complementary and Alternative Medicine 7
that decreased GSH content was not observed in Rg1 pre-
treated exercised rats, which presumably reﬂects improved
antioxidantstatusinliver.Evidenceshowedthatginsenoside-
Rg1 can improve GSH-cycle enzymes and protect the cells
fromH2O2-inducedcelldeath[29].Furthermore,Kwoketal.
[11] found restored GSH levels in H2O2-treated endothelial
cells by protopanaxatriol pretreatment. Taken together, our
ﬁndings demonstrate that Rg1 pretreatment can counter the
exercise-induced oxidative stress, and protect the liver cells
through stabilizing GSH levels.
Similar to earlier reports, elevated XO activity in liver
after exercise is considered as a main intracellular source for
O2
•− production [19, 30], since we found decreased SOD
activity in this study. During exercise, resynthesis of ATP
from ADP may occur through adenylate kinase reaction,
simultaneously formed AMP degraded to hypoxanthine and
released into blood stream. Hypoxanthine produced by
skeletal muscle is taken up by the liver and further oxidized
to uric acid, which indicates activated XO activity [4, 31].
Nevertheless, elevated XO was completely inhibited in Rg1
treated rats. Similarly, administration of ginsenoside-Rg1
reversed the activated XO and impaired SOD activities in
mice against glutamate-toxicity [32]. From these evidences,
we speculate that prolonged use of Rg1 may suppress intra-
cellular Ca+ levels that results suppressed XO activity in
exercised rats.
Proper maintenance of intracellular NO is crucial to pro-
tect the liver against NO-mediated oxidative stress. Besides
its beneﬁcial eﬀects, high levels of NO reacts with O2
•− and
form peroxynitrite (ONOO−), a potent oxidant, capable to
attack lipids and proteins and further contributes oxidative
damage [33, 34]. This was evidenced by increased TBARS
and protein carbonyls in exercised rat liver. Exercise-induced
increased NO levels were well documented by previous re-
ports [24, 35]. Inhibited NO levels by Rg1 indicates its
capabilities to attenuate the oxidative damage caused by high
levelsofNOinliver.Astudydemonstratedthatpretreatment
of Rg1 attenuated the dopamine-induced elevation of ROS
or NO generation, eventually protect the mitochondria from
ROS-mediated injury [36]. Our ﬁndings clearly indicate that
Rg1 oﬀers protection against oxidative stress and maintain
the stable antioxidant status.
5. Conclusions
The present study provides evidence that pretreatment of
ginsenoside-Rg1 attenuated the exhaustive exercise-induced
oxidative stress in liver of rats. To our knowledge, for the
ﬁrst time, we demonstrated that oral administration of
ginsenoside-Rg1 profoundly decreased XO and NO levels
with a consistent suppressed TBARS and PC levels, and re-
stored antioxidant status against exhaustive exercise. Our
resultsrevealedthatRg1iscapabletobuﬀertheexcessivefree
radicals and attenuate the oxidative damage in liver. Taken
together, these results suggest that Rg1 can be used as an
antioxidant supplement for competing athletes, who parti-
cipates in exhaustive endurance events. However, related
human studies are encouraged to prescribe the ginsenoside-
Rg1 as a nutraceutical supplement to athletes.
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